northern European countries 5 ; DRB1*15:01, DRB1*03:01 and DRB1*04:05 in Italy (Sardinia Islands) 6 ; DRB1*15:01-DQA1 *01:02-DQB1*06:02, DRB1* 04:02-DQA1*03:01-DQB1*03:02 and DRB1*13:03-DQA1*05-DQB1*03:01 in Spain (in the province of Biscay) 7 ; DRB1*15:01 and DQB1*0:602 in Ireland 8 ; and DRB1*04:03 and DRB1*08:02 in Mexico 9 . An association was also found between MS and the DQA1*01:02 and DQB1*06:02 haplotypes in African-Brazilian patients whether the DRB1*15:01 allele was absent 10 . In recent years, researchers have turned their attention to HLA class I and its alleles. Initially performed with low resolution techniques, HLA typing showed that HLA-A*02 is negatively associated with the risk of MS (i.e., it is associated with a protective effect/reduction in susceptibility) regardless of the presence of the DRB1*15 allele 11 . Haplotype studies have shown that, HLA-A*02 reduces susceptibility to the disease (protective effect) when associated with HLA-B*12 and HLA-Cw*05. The same occurred if this allele was associated with HLA-Cw*05 and HLA-B*44 11, 12 . The presence of the allele Cw*05 in the haplotype reduce the expression of HLA-B12 and DRB1*15 and the susceptibility to the disease 11, 13 . In light of the above, the aim of this study is to analyze the HLA class 1 and 2 profiles, with high resolutions technique, of MS patients of a Southern Brazil population to identify whether there is relationship between HLA type and susceptibility to MS in the Southern Brazilian population.
METHODS

Patients and controls
We analyzed 86 patients with a diagnosis of MS, 80 with the relapsing-remitting subtype and 6 with the primary progressive subtype, predominantly of white color, based on the 2010 McDonald criteria and 2013 revision 14 . The cases had followed up at the demyelinating disease outpatient clinic at the Hospital de Clínicas, Universidade Federal do Paraná. MS patients who fulfilled the following criteria were included: (1) patient born in the south of Brazil and lived there for most of his/her life; (2) patient's complete medical records available (both clinical and laboratory data that information on the clinical course of the disease was available); (3) patient evaluated with the Expanded Disability Status Scale (EDSS) during treatment or follow-up or data in the patient's records sufficient to allow the disability to be graded; and (4) findings of patient's MRI studies compatible with MS. We excluded MS patients who had incomplete medical records, conflicting data, clinically isolated syndrome, neuromyelitis optica or incomplete outcome data that did not allow other diseases to be ruled out ( Table 1) .
The control group consisted of bone marrow donors who fulfilled the following criteria: 1) absence of any disease; 2) over 30 years old; 3) born and had always lived in southern Brazil; 4) only two unrelated members of the transplant recipient's household could be included (mother and father), and in the parents' absence only one sibling could be included; and 5) HLA screening performed in Curitiba at the Immunogenetics Laboratory, Hospital de Clínicas, Universidade Federal do Paraná (All data were kindly supplied by Dr. Noemi Farah Ferreira and her laboratory team). The number of controls included in the study was 606 donors for HLA-DRB1 (1212 alleles), 220 for HLA-DQB1 (440 alleles), 133 for HLA-DPB1 (266 alleles), 127 for HLA-A (254 alleles), 168 for HLA-B (336 alleles) and 111 for HLA-C (222 alleles).
The study was approved by the Ethics Committee for Research with Humans at the Hospital de Clínicas, Universidade Federal do Paraná. All patients agreed to participate and signed a consent form.
HLA Typing
Genomic DNA was extracted from blood using a standard phenol-chloroform technique after treatment with proteinase-K and then amplified by polymerase chain reaction (PCR) to obtain gene fragments (exons) related to HLA class I and II using oligonucleotides flanking specific regions of the following exons: HLA-A (exons 2, 3 and 4), HLA-B (exons 2, 3 and 4), HLA-C (exons 2, 3 and 4), HLA-DRB1 (exon 2), HLA-DPB1 (exon 2) and HLA-DQB1 (exons 2 and 3). PCR was performed separately for each exon of these different genes using a conventional method with Taq DNA polymerase (Abbott Molecular Diagnostics) and a SBT (sequence based typing) kit (AlleleSEQR-SBT) (Atria Genetics) following the manufacturers' instructions. PCR products were purified by ExoSAP-IT® (USB, Cleveland, Ohio). The purified PCR products were then subjected to a second round of PCR using Big Dye Mix® (Applied Biosystems) followed by purification of the products by the isopropanol method. The amplified fragments were directly sequenced in forward and reverse directions by fluorescent capillary electrophoresis using POP-6 polymer (Applied Biosystems, Foster City, CA) in an ABI PRISM 3100 and 3130 Avant Genetic Analyzers® (Hitachi High-Technologies Corporation, Tokyo, Japan). The HLA sequences were compared with reference sequences by high-resolution HLA typing using Assign SBT software (Conexio-Genomics, Fremantle, Australia) and uTYPE®HLA Analysis Software (Thermo Fisher Scientific, Waltham, MA).
Statistical analysis
Descriptive statistics were calculated for age (MS cases and controls) and age at onset of symptoms, EDSS score at disease onset and EDSS score at the last evaluation (MS cases). The relationships between the MS cases and controls were calculated with Pearson's chi-square test using Yates' correction. Statistical significance was considered for p < 0.05. These values were then corrected by Bonferroni methods according the number of alleles analyzed. The Odds Ratio was estimate with the Mantel-Haenszel statistic method.
RESULTS
The HLA-DRB1 was sequenced in 86 cases, HLA-DQB1 and DPB1 in 85, HLA-A in 64, HLA-B in 65 and HLA-C in 85. These data were not uniform because of ambiguities and technical artifacts found in some patients.
HLA-DRB1:
We found 52 different alleles in MS and 44 in controls. Of those, 19 alleles occurred only in MS and 11 only in controls. The most common allele in MS patients and controls was DRB1*15:01, which was present in a higher percentage of individuals in the MS group. This was followed by *03:01 and *07:01 alleles. DRB1*15:01, *11:03 and *04:06 alleles. They were statistically significant to MS, but all of them were non significant after Bonferroni correction for the 63 alleles. The same occurred with DRB1*11:01 and *10:01 alleles in the controls ( Table 2) .
HLA-DQB1: We found 35 different alleles in MS and 17 in controls. Of those, 19 alleles occurred only in MS and only 1 control did not have the same allele that MS. The most common allele was DQB1*06:02 in MS, followed by *02:01 and *03:02. The DQB1*02:03, *03:69 and *04:03 alleles were statistically significant, whereas in the controls DQB1 *03:01 and *02:02 alleles were more frequent. After the Bonferroni correction for 36 alleles, only the allele DQB1*02:03 was significant (p = 0.0027) ( Table 3) .
HLA-DPB1:
We found 30 different alleles in MS and 22 in controls. In MS, 14 alleles occurred only in this group and 6 controls did not have similar MS allele. The most common alleles in the MS group and controls were *04:01, *02:01 and *04:02. The *23:01 and *51:01 alleles were statistically significant, but they lost the significance after Bonferroni correction for the 36 alleles (Table 4) .
HLA-A: We found 42 different alleles in MS and 32 in controls. In MS, 22 alleles occurred only in this group and 12 controls did not have similar allele in MS. The most common alleles in the MS group were *03:01 and *24:02. The alleles *24:02 and *02:01 had statistical significance, but they become non significant after Bonferroni correction for the 57 alleles (Table 5) .
HLA-B:
We found 60 different alleles in MS and 76 in controls. In MS group, 25 alleles did not occurred in the controls and 42 of the controls did not have similar allele in MS group. The most common allele in the MS group and controls were *07:02, *51:01 and *35:01. There is a statistical relation with alleles *35:01, *44:02, *14:06, and *52:01, but all of them lost the statistical significance after Bonferroni correction for the 97 alleles (Table 6) .
HLA-C:
We found 39 different alleles in MS and 30 in controls. In MS group, 20 alleles did not occurred in controls and 11 of the controls did not have the same MS allele. The most common alleles in the MS group and controls were *04:01, *07:02 and *08:02. HLA-C*07:27 was the only allele with statistical correlation, but it lost the significance after Bonferroni correction (Table 7) .
DISCUSSION
HLA-DRB1*15:01 is considered a major susceptibility allele, but other HLA alleles in the haplotype, as well as the way that they were transmitted, can increase or decrease this susceptibility. These other alleles (of the same or different class) can determine epistatic interactions and modifications or epigenetic variations that may change the expression of nearby genes, determining greater or lesser susceptibility to MS 13, 15, 16 . Although the frequency of DRB1*15:01 in our study was increased, the frequencies of this and other alleles were lower for both, MS patients and controls, compared with that reported in Europeans 17 . We found association but after the Bonferroni correction disappeared. This difference may be explained by the number of cases studied and the influence of the mixing of European, African and indigenous genes in However, they mixed high-resolution with low-resolution techniques, as well as they have a low number of controls population to identify the DRB1*15:01 allele.
Although DQB1*06:02 was the most frequent allele, we failed to find an association between this allele and MS, as reported in
10 . The only DQB1 allele which remained with statistical significance after Bonferroni correction was the *02:03. This association was not previously reported.
The allele DQB1*03:01 was associated with MS in Spain   7 but have a reduced susceptibility in Iran 23 . However, previous studies showed that the risk of MS increases by 50% in the presence of HLA-DPB1*03:01 26 (Figure 2 ). In the analysis of HLA-DPB1, we did not find the *03:01 allele associated with MS, as reported in Italy (Sardinia) 6 and several European countries 26 . Although this association was only found in the absence of DQB1*06:02 allele in Australia 27 . The DPB1*05:01 allele showed no association with MS in our series, in contrast with the findings for other series from South China 28 ( Figure 3 ). In our series, before Bonferroni correction, there was a positive association between MS and HLA-A*03:01 (increased susceptibility) and a negative association for HLA-A*02:01 (increased in controls, protective effect). The reduced susceptibility to MS (protective effect) of HLA-A*02:01, *68:01, *02:05 and *06:06 alleles have been reported 26 . It has been shown that if HLA-A*03:01 allele is associated with HLA-B*07:02 allele, the risk of MS increases, but if it is associated with HLA-A*02:01 allele, the risk is reduced 5 (Figure 4 ). HLA-B*35:01, *44:02, and *14:06 alleles were correlated with disease susceptibility in our series, but after Bonferroni correction no allele had significance. It is reported that the HLA-B*44 allele when present reduce susceptibility to MS, slowing disease progression and preserving brain volume in North American patients 15, 29 . However, in our series, it was more frequent in MS cases, than the previous reports, which have more cases in the control groups ( Figure 5) .
HLA-C *07:27 allele was found only in the MS group, suggesting an association with susceptibility to the disease. In addition, our results failed to reveal an association between HLA-C*05, which was shown to have a protective effect in some MS population 29 . However, it is difficult to make any correlation of the HLA-C because most of the previous studies are in low resolution.
Our HLA results probably could be explained by two main hypothesis: first, the different distribution of the ethnic background into Brazil; and second, the different resolutions techniques used in the previous studies.
Regarding the ethnic Brazilian background, the differences found comparing with Europeans could be due to the variation in the Brazilian population because of the many immigrants with different ethnic backgrounds who arrived in Brazil and gradually mixed with the local inhabitants over the last 500 years 30 . Brazil was colonized mainly by the Portuguese, who mixed with native Brazilian Indians in the first centuries following colonization. Later, African slaves were introduced to Genetic studies have shown that the white Brazilian population has genes of Europeans, African and indigenous origin. The distribution of these European genes is higher in the South (where our study was done), there is a greater proportion of white individuals and a smaller proportion of black individuals in this area 31 .
Regarding the different resolutions techniques used in the previous studies, the admixture of the population of several ethnic origins increased the number of different alleles which are easier to analyses with techniques of high resolution. At present time, if the typing the HLA was performed only with high resolutions techniques, the number of alleles in each class increased too much (http://hla.alleles.org/alleles/class1.html; http://hla.alleles.org/alleles/class2.html). Therefore, if the Bonferroni correction was applied in this situation ( for the total number of alleles), most of the studies lost their statistical significance.
In some of the previous HLA studies performed in Brazil, the analysis grouped together techniques of low and high resolution, which rise difficulties to compare with our results that were performed only with high resolution techniques 10, 19, 20 . We believe that the mainly factor to our different results was the different ethnic backgrounds into Brazil which can really results in many possible genetic combinations in the Brazilian population. Furthermore, beside the type of HLA and ethnic diversity, probably climate with less sunlight, different environmental conditions and dietary habits could play a role in the triggering and incidence of MS in southern Brazil different from other countries 8, 32, 33, 34, 35 .
In conclusion, our data have different frequency of HLA alleles in Southern Brazilian population than the previous published with the Southeast Brazil region and Europeans. We also speculate that further studies of HLA regarding the MS susceptibility in the European Countries in the next century may find different results from today when using high resolution techniques and large control groups. We do not know the effect of the dilution of the original HLAs alleles due to the massive immigration which is occurring in the present days, similar that occurred with the original Brazilians inhabitants over the last 500 years.
